Honey is a highly valuable natural product, which is consumed by people of all age groups unaware of the high load of veterinary drug residues present. Sulfonamides are one such class of veterinary drugs, which are used in apiculture in higher amounts and impose a lot of negative health effects. This paper describes an analytical method developed for simultaneous determination of two Sulfonamides (Sulfamethizole and Trimethoprim) in honey using liquid chromatography-tandem mass spectrometry (LC-MS/MS). Suitable fragmentor voltage and collision energy were optimised for both the analytes. Five different sample preparation techniques based on ultrasonication were evaluated. In which ultrasonication at 80% amplitude, 5 minutes at 45ÚC gave improved recoveries. On validation, the developed method showed good linearity with r 2 values in the range of 0.98-0.99 for both the sulfonamides. The effect of matrix on the method developed was evaluated and was found that the sample matrix does not pose considerable interferences with excellent linearities with r 2 valuesabove 0.95 for both the analytes. The method developed was found to be very selective and can find application in routine analysis for the determination of sulfonamides from honey samples.
Honey bees are easily attacked by microorganisms and are highly susceptible to infections caused due to parasitic mites, fungi, bacteria and numerous other viruses due to their very weak immune system. Continuous attack of these pathogens induces a lot of stress to honey bees which results in the reduction of bee colonies worldwide. So, generally veterinary drugs are administered to honey bees, to prevent it from diseases and to limit the losses in apiculture 1 .But on the other hand due to the resistance of diseases against certain veterinary drugs, the veterinary treatments are administered to bee colonies at huge amounts for a longer period of time which results in leaving the traces of these drug residues in honey 2 . Among all the veterinary drugs, Sulfonamides contribute to major portion as they have superior curative properties and also easily available 3 .Traces of these veterinary drug residues in food system causes a lot of negative health effects such as antimicrobial drug resistance, disruption of intestinal microflora , carcinogenety etc 4, 5, 6 . Due to this, Food safety and standards (contaminants, toxins and residues) regulations, 2011(India) has recommended the maximum limit of quantification when determined by LC-MS/MS (Liquid Chromatography-Tandem Mass Spectrometry) shall not exceed 5µg/kg for sulfonamide and its metabolites 7 . LC-MS/MS is one of the most widely used analytical methods for the determination of veterinary drug residues in food systems 8 . Generally, sample preparation techniques based on solvent extraction has been highly reported in honey samples 9, 10 . Recently papers have been published on increasing the efficiency of sample preparation conditions through ultrasonication. The low frequency sound waves create mechanical energy in the form of shear and cavitation which helps in increasing the recovery rate [11] [12] [13] . The present work reports a sensitive method developed for the determination of Sulfonamides in honey samples. The main objective here is to optimise the sample preparation conditions such that the optimised conditions can provide better extraction efficiency and yield higher recovery.
Material and Methods

Chemicals and Materials
Veterinary drug standards (Sulfamethizole, Trimethoprim) and formic acid were purchased from Sigma (Dorset, UK). Methanol was supplied by Merck (Darmstadt, Germany). Bondesil-PSA (primary-secondary amine) and C18 endcapped bulk sorbents were supplied by Agilent, Santa Clara, CA. Water and acetonitrile were supplied by Sigma, Dorset, UK. All solvents used were of HPLC grade. Disodium EDTA (Ethylene diamine tetraacetic acid) solution was prepared by dissolving disodium EDTA salt in double de ionized water. Double de ionised water was made available by Merck water purification system. Anhydrous sodium sulphate (extrapure AR) and Sodium sulphate (extrapure AR) was supplied by Sisco research laboratories, India. Captiva premium syringe filters of glass fibre membrane were supplied by Agilent, Santa Clara, CA.
stock solutions and Working standards
Sulfonamides exhibited good solubility in acetonitrile; hence this solvent was used in the preparation of stock solutions and working standards. Individual drug standards of 1mg were dissolved in 1ml to prepare stock standards of concentration of 1000ppm.The individual stock standards were vortexed for 2 minutes to ensure complete solubility. From these stock solutions, further dilutions were made to prepare working standards of 100 mg/kg. Stock standards and working standards were stored in dark at deep freeze conditions.
lC-Ms/Ms analysis
The method development was carried out with Agilent 6470 Triple Quad LC-MS/MS system (Santa Clara, CA). The triple Quad Mass Spectrometer used was equipped with Agilent JetStream Technology that creates an ion rich zone by efficient desolvation. A mobile phase gradient with water as mobile phase A and methanol acidified with 0.1% formic acid as mobile phase B was chosen. Suitable gradient conditions were found to be 90% of A and 10% of B in 1 st minute, followed by change to 50% of A and 50% of B in the next 3 minutes. A further 6 minute gradient was applied by 95% of B and 5% of A. The method has been developed with extra run time to ensure that the analytes and matrix elute out of the column. The MS source conditions were set at a nozzle voltage of 0V, Sheath gas temperature of 350ÚC, Gas flow of 10 l/min and nebulizer pressure of 30psi. The sample injection volume was 3µl. sample preparation in honey Five different sample preparation conditions were evaluated for recovery and the extraction technique with maximum recovery was chosen. sample preparation-1
Sample was extracted with acetonitrile. Further ultrasonication was done at 80% amplitude for 5 minutes at 20°C. sample preparation-2
Sample was extracted with acetonitrile acidified with 0.1% acetic acid. Further ultrasonication was done at 80% amplitude for 5 minutes at 20°C. sample preparation- 3 Sample was extracted with acetonitrile which is acidified with 0.1% oxalic acid. Further Sample was extracted with acetonitrile which is acidified with 0.1% oxalic acid. Further ultrasonication was done at 100% amplitude at 10 minutes at 45°C.
results and disCussion optimisation of Mass spectra
The veterinary drugs are analysed for precursor ion and product ions using ESI by direct infusion of individual working standards into the mass spectrometer. Initially a MS2 scan was done to determine the abundant precursor ion which is monitored based on the molecular formula of the analyte. Following the selection of suitable precursor ion, Collision induced dissociation was carried out to find the optimal collision energy and fragmentor voltages for the product ions.
Optimal fragmentor voltage is essential as it provides structural information. A very low fragmentor voltage will slow down the movement of desired analytes and a very large fragmentor voltage causes fragmentation of ions before the entrance of collision cell thereby reducing the sensitivity of the method. Collision energy, another important instrument parameter is frequently optimised to increase the fragment ion intensity. The collision energy and fragmentor voltage Table 1 . The transition 271.2à156 was selected for monitoring of sulfamethizole and 291.2à230 for monitoring of trimethoprim.
Comparison of extraction efficiencies of different sample preparation conditions
The extraction efficiencies from different sample preparation procedures were compared. Initially acetonitrile without any acidification was used for extraction. It was found that recoveries were less than 40%. This signifies that acidification plays an important role in the extraction of sulfonamides from honey. Acidic conditions helps in liberating the sulfonamides which are bound to sugar molecules 14 . Two different acidifying agents were evaluated for its efficient recovery of analytes from honey. It was found that acidification with oxalic acid proves to be more efficient than acetic acid. Similar results of improved extraction with oxalic acid and acetonitrile was reported 15 .
When ultrasonication was done at 80% amplitude with a time period of 10 minutes, it was observed good recoveries. Two different temperature conditions were tested under these ultrasonication conditions. It was observed that at higher temperature conditions of 45ÚC, appreciable recoveries were obtained for all the analytes. But at reduced temperature of 20ÚC recoveries were found to be too high above the maximum acceptable limit.
It was observed that ultrasonication at 100% amplitude for 5 minutes at 45ÚC gave recoveries that were less than 60% for all the analytes. This may be due to the degradation of analytes under prolonged ultrasonication. Similar degradation of antibiotics in honey sample above the optimal period of ultrasound treatment has been reported 9 . Hence, it becomes necessary to choose the optimal conditions for sonication to increase the recovery and to prevent the degradation of analytes.
Finalized sample Preparation Conditions
From the optimised conditions, the sample preparation method-S4 was chosen as the suitable method for simultaneous extraction of all sulfonamides. A brief summary of sample preparation conditions is as follows: 2g of honey sample was taken and spiked with 25ppb concentration of Sulfanomides. 8ml of 0.1M EDTA solution was added to the spiked honey sample. 10ml of acetonitrile acidified with 0.1% oxalic acid was added and kept in a rotary shaker for 30 minutes for complete mixing. 5g of sodium sulphate was added to the mix as the extraction salt and kept for ultrasonication at 80% amplitude for 5 minutes at 45ÚC. After ultrasonication, the sample was centrifuged at 5000rpm, 5 minutes at 5ÚC. 6ml of supernatant was collected which was subjected to further cleanup procedures.
Clean up was done with 50mg of PSA and 100mg of C18. The supernatant was mixed completely with clean up agents by subjecting to vortex for 2 minutes. Then the sample was centrifuged at 5000rpm, 5 minutes at 5ÚC. The supernatant was collected and filtered using 0.22µ filter. The final clear extract obtained was injected into LC-MS.
Method validation
Validation of the developed method was performed concerning the performance characteristics such as selectivity, linearity and matrix effect. Selectivity of the method was analysed by running different blank matrix samples. Honey samples without spiking veterinary drug standards were subjected to finalized sample Fig. 3 . Selectivity of two different blank honey samples preparation conditions and the final extract was injected into LC-MS.As shown in figure 3 , it was observed that no interfering peaks were present in the expected retention time of the analytes. Thus, the method proves to be highly selective for the quantification of veterinary drugs eliminating the chances of false positives due to matrix or other co-eluting compounds.
Linearity was evaluated for standard solutions in which all the analytes in standard solutions showed excellent linearity with r 2 value ranging between 0.98 and 0.99. Matrix effect was evaluated using blank honey samples. Blank honey samples were subjected to finalised sample preparation procedure and the final extracts obtained were fortified with standards at 5 levels from 10ppb to 100ppb. The matrix showed good linearity with r 2 values in the range of 0.96-0.97.
ConClusion
A method has been developed for simultaneous determination of sulfonamides in honey. A simple sample preparation and clean up has been proposed in this study. Optimisation of ultrasonic conditions such as amplitude, temperature and time has been performed. It was found that acidification and optimal ultrasonication plays a very important role in extraction of sulfonamides from honey. The method was further validated which proves the robustness of the method. 
